Both platforms were highly sensitive (97% for both) for biopsy-confirmed HSIL. Cobas HPV testing had higher positive rates for the diagnosis of benign lesions (84% vs 51%) and low-grade squamous intraepithelial lesions (89% vs 63%) on biopsy compared with Aptima. Aptima testing had significantly higher specificity for HSIL than Cobas (41% vs 13%; P < .0001). Overall, performance of the Aptima platform was superior to that of the Cobas platform in detecting biopsyconfirmed HSIL, resulting from its significantly higher positive predictive value (25% vs 16%; P < .03) and overall accuracy (50% vs 26%; P < .0001). CONCLUSIONS: Although both the Cobas and Aptima platforms offer highly sensitive tests for high-grade cervical lesions, Aptima HPV testing demonstrated significantly higher specificity and positive predictive value than Cobas testing for biopsy-confirmed HSIL. The considerable difference may be related to the significant increase in E6/E7 expression after HPV DNA integration. The significantly higher specificity and overall accuracy of Aptima testing for HSIL, resulting in the identification of high-risk populations that require immediate treatment and close follow-up, may prove useful in clinical risk stratification.
INTRODUCTION
In the past 2 decades, significant advances in the prevention and treatment of cervical cancer have been achieved because of the landmark finding of the causative role of human papillomavirus (HPV) in cervical cancer and its precursor lesions. 1 Virtually all cervical cancers result from a persistent infection of 1 or more HPV genotypes, primarily those classified by the International Agency for Research on Cancer as groups 1 and 2a (conventionally referred to as high-risk HPV [hrHPV]). [2] [3] [4] Because of HPV infection, complex genetic and epigenetic changes occur, leading to viral DNA integration and transformation of cervical epithelial cells to precancerous lesions and, eventually, to cancer. [5] [6] [7] [8] In recent years, HPV testing has been incorporated into cervical cancer screening and management algorithms to assist in triaging patients with equivocal cytology results or as a cotest with cytology to maximize the detection rate of high-grade cervical lesions (high-grade squamous intraepithelial lesion [HSIL] or worse [HSIL] ) in women aged 30 years. 9 Most recently, the American Society for Colposcopy and Cervical Pathology management guidelines (2012) also recommended the use of HPV genotyping tests as an option in clinical risk management. 10 There are more than 100 commercially available HPV assays worldwide, and each laboratory may choose its testing platforms based on availability, cost, and other preferences. Among the 4 US Food and Drug Administration-approved HPV tests in the United States, 3 are DNA-based tests: Cobas HPV test (Cobas 4800; Roche Molecular Diagnostics [Roche], Pleasanton, Calif), Hybrid Capture 2 (HC2) (Qiagen, Gaithersburg, Calif), and Cervista (Hologic, Bedford, Mass); whereas 1 test detects E6/E7 messenger RNA (mRNA) (Aptima; Hologic/Gen-Probe, San Diego, Calif). According to a 2014 College of American Pathologists (CAP) survey of laboratories, the most commonly used platforms for HPV genotyping are Roche Cobas (37%) and Hologic Aptima (26%).
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In view of the critical role of E6/E7 overexpression after HPV genome integration in the development of cervical malignancy, direct testing of hrHPV E6/E7 mRNA in cervical samples may be more specific than hrHPV DNA testing for the detection of high-grade cervical lesions. Direct comparative data with regard to the performance of the 2 different testing methods in clinical practice are limited. Recent studies suggest that HPV mRNA testing has improved specificity for grade 2 cervical intraepithelial neoplasia (CIN2) or worse (CIN2) compared with HPV DNA assays. [12] [13] [14] However, other studies concluded that there was no significant difference between HPV DNA and RNA testing methods in clinical performance for the detection of high-grade cervical lesions. 15, 16 The purpose of the current study was to analyze the performance of the 2 most common HPV testing platforms (Cobas and Aptima) in detecting high-grade cervical lesions that were confirmed by biopsy.
MATERIALS AND METHODS

Study Design
We 
Biopsy Confirmation
The biopsies performed within 6 months of the Pap and HPV tests were included in the study. Most biopsy samples were obtained within 5 weeks after the initial Pap/HPV tests, with an average time of 35 days, including 49 obtained before and 1992 obtained after Pap/HPV tests (range, from 225 to 179 days). The biopsy results were categorized into 3 general groups: benign (including no pathologic alteration and benign or reactive changes), low-grade squamous intraepithelial lesion (LSIL, CIN1), and high-grade cervical lesions (HSIL, including CIN2/CIN3, squamous cell carcinoma, AIS, and adenocarcinoma). All CIN2 lesions were confirmed by immunohistochemical staining for p16 and Ki-67. In patients who had more than 1 tissue sample, the highest grade diagnosis was recorded. Endometrial lesions were excluded from the study. Real-time histocytologic correlation was performed at the time of the biopsy sign-out, which is our routine clinical practice and is in accordance with the mandates of the 1988 Clinical Laboratory Improvement Amendments required by the Laboratory Accreditation Program of the CAP. Board-certified cytopathologists or gynecologic pathologists interpreted the Pap tests and biopsies at an academic medical center.
Statistical Analysis and Institutional Review Board Approval
Accuracy and 95% confidence intervals (CIs) of Cobas and Aptima HPV testing for the detection of HSIL cervical lesions were compared using the Fisher exact test. All analyses were performed with the STATA software package (version 14; StataCorp LP, College Station, Tex). Significance was defined as a 2-tailed P value < .05. The study was conducted with approval from the Institutional Review Board at Houston Methodist Hospital.
RESULTS
The results from hrHPV testing and biopsies are summarized in Table 1 The analysis of the 2 HPV testing platforms for the entire cohort revealed higher positive rates with Cobas HPV testing compared with Aptima testing in patients who had benign/reactive changes (84% vs 51%) and LSIL (89% vs 63%) on biopsies, respectively (Fig. 1) . Consequently, the Aptima test surpassed the Cobas test because it provided significantly higher specificity (Aptima: 41% [95% CI, 33%-50%]; Cobas: 13% [95% CI, 12%-15%]; P < .0001) and positive predictive value (Aptima: 25% [95% CI, 17%-34%]; Cobas: 16% [95% CI, 15%-18%]; P 5 .03) for biopsy-confirmed HSIL ( Table 2) . The results were observed in both SP and TP liquid-based samples. In summary, the HPV test performance of Aptima was superior to that of Cobas in detecting HSIL in biopsies, because it provided significantly higher overall accuracy (Aptima: 50% [95% CI, 43%-58%]; Cobas: 26% [95% CI, 24%-28%]; P < .0001) ( Table 2) .
DISCUSSION
The Roche Cobas hrHPV test detects viral DNA of 12 hrHPV genotypes in a cocktail manner with concurrent, separate genotyping of HPV-16 and HPV-18. The Hologic Aptima hrHPV assay is a target-amplification test for the detection of viral E6/E7 mRNA from 14 hrHPV genotypes with optional genotyping of HPV-16 and HPV-18/ HPV-45. Although both platforms offer highly sensitive tests for HSIL, our study demonstrated that the Aptima HPV assay had significantly higher specificity and positive predictive value compared with Cobas HPV testing for HSIL in biopsies. Our results are consistent with a previous report indicating that the Aptima test was significantly more specific than the Cobas test for CIN2 lesions in follow-up biopsies (63.1% vs 59.3%; P < .003) from women who had atypical squamous cells of undetermined significance (ASC-US) on cytology. 13 Similar findings were also observed in a screening population 17, 18 and in women who were referred for colposcopy. 12, 19 The favorable specificity in detecting HSIL was also reported with several other detection methods based on HPV E6/E7 mRNA testing compared with HPV DNA testing platforms. 20 hrHPV testing has been recommended to triage women with ASC-US on cytology or follow-up of women after treatment. 10, 21 The superior specificity and overall accuracy of HPV mRNA testing for HSIL, without compromising high sensitivity, may prove useful in clinical risk stratification with the identification of high-risk populations that need immediate treatment and close follow-up. HPV mRNA testing reportedly was equally sensitive for but more specific than HPV DNA testing for high-grade dysplasia in triaging both ASCUS and LSIL. 22 Rijkaart et al studied the E6/E7 mRNA status of women who had positive HPV-DNA testing and observed that a positive E6/E7 mRNA test was associated with an increased risk of CIN2 lesions in women who had normal cytology results. 23 Therefore, HPV mRNA testing offers a potentially useful tool for the triage of women who have LSIL or negative cytology but positive HPV-DNA testing, whereas HPV-DNA testing is less useful because it lacks specificity.
By identifying a smaller high-risk population, the implementation of HPV mRNA testing is expected to reduce colposcopy referral rates and excessive treatment of women who may have transient HPV infection. In turn, optimal clinical risk stratification with mRNA testing may lead to an overall cost reduction from surveillance and treatment by reducing unnecessary colposcopies, repeated tests, and biopsies. 18 Emerging data indicate that the HPV mRNA assays are generally more specific than HPV DNA tests in detecting high-grade cervical lesions. 24 The considerable difference between the 2 major HPV testing methods has been attributed to the dynamic changes of tested molecules with progression of HPV infection. 24 HPV infection in basal cells may maintain a stable episomal form as the viral genome is replicated in conjunction with cellular DNA during S-phase (productive infection). This form of infection produces abundant viral DNA and lower grade lesions, which mostly regress within 9 to 12 months. 25 Immune evasion leads to persistence of HPV infection and integration of viral DNA into the host genome, resulting in aborted normal viral life cycle and overexpression of E6 and E7 oncoproteins, a biologic hallmark of high-grade dysplasia and cervical cancer. Ratnam et al reported that the ratio of hrHPV E6/E7 mRNA to hrHPV-DNA positivity increased with the histologic severity of dysplasia.
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In a 2-year follow-up study using a 5-genotype panel (HPV-16, HPV-18, HPV-31, HPV-33, and HPV-45), Fontecha et al demonstrated that hrHPV E6/E7 mRNA was highly sensitive for high-grade cervical lesions and was correlated with disease progression. 27 The dramatic change in E6/E7 expression with progression of HPV infection may contribute to the high specificity of Aptima testing in the later stage of disease, which usually presents with highgrade cervical lesions. Although Aptima HPV testing has preferable specificity over DNA-based HPV tests, in general, all of the currently available HPV tests are far from ideal because of their inability to accurately identify women who are at high risk of developing cervical cancer. In view of the relatively low sensitivity of the cytology test alone, in 2014, the US Food and Drug Administration approved the Cobas HPV test as an option for the primary screening of women aged 30 years. However, it is expected that this highly sensitive and less specific test will produce considerable numbers of hrHPV-positive cases with negative or equivocal/low-grade findings on cytology or biopsy. A plausible way to resolve this issue is to apply a combined strategy involving both hrHPV and Pap tests (cotesting), which has demonstrated improved sensitivity and specificity. 28 Alternatively, assays targeting markers rich in the later stage of HPV infection, such as E6/E7, likely provide a reasonable strategy to improve screening performance. In addition to Aptima testing, a few more commercially available or emerging mRNA-based HPV tests achieved similar or even higher specificity for high-grade cervical lesions. Recently, Munkhdelger et al reported 91% sensitivity and 98.6% specificity for CIN2 lesions by using a commercial diagnostic kit that targeted HPV E6/E7 mRNA based on a reverse transcriptase-quantitative polymerase chain reaction assay. 29 Furthermore, monitoring the qualitative changes in E6/E7 over the course of the disease may be more informative with respect to the severity and progression of cervical disease compared with the currently available cross-sectional qualitative test. Despite the interesting findings, our data should be interpreted with caution. This was a retrospective study that emerged from a review of data from women who were referred for colposcopy biopsy and had cytologyhrHPV cotesting. Therefore, the population was less uniform in terms of prior history of cervical disease, reasons for referral, and selection of cotesting. Although the samples were collected from women in a screening population in the same geographic region and were processed and interpreted in the same laboratory, many other variables were still difficult to control as common limitations in retrospective studies (such as the number of patients, age distribution, previous cervical disease, and treatment history). For example, fewer women in our cohort were tested on the Aptima platform than on the Cobas platform, as noted in our current results. This is generally coincident with recent CAP survey data indicating that Cobas is the leading HPV genotyping test followed by other HPV tests, including Aptima. 11 Clinicians may select HPV tests based on many considerations or preferences. The Aptima HPV test was implemented in our laboratory much later than the well established Cobas system, and many of our clinicians were just getting familiar with the new Aptima test at the time of the data collection. In addition, the lack of general consensus among clinicians regarding the selection between Cobas and Aptima HPV testing could also lead to possible uneven distribution of patients in the 2 testing groups. All of these factors should be considered when interpreting the data, and larger scale prospective studies are needed to validate the findings. In summary, we demonstrated that both the Aptima and Cobas HPV tests provide similar high sensitivities for HSIL, but the Aptima test had significantly higher specificity and positive predictive value than the Cobas test for biopsy-confirmed HSIL. The considerable difference in detecting HSIL between the 2 common hrHPV testing platforms may be related to the significant increase in E6/ E7 expression after HPV DNA integration into the host genome in advanced cervical lesions. Notwithstanding its imperfections, the significantly higher specificity and overall accuracy of Aptima testing for high-grade cervical lesions may prove useful in clinical risk stratification in light of its ability to identify high-risk populations. This advantage may also reduce unnecessary colposcopy referrals and over-treatment, which will eventually drive down the cost of cervical cancer prevention, surveillance, and treatment. Future investigations should focus on validation of the findings in large prospective studies and a search for more effective tests that target the markers of advancedstage HPV infection associated with high-grade cervical dysplasia and cancer.
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